Introduction
As emphasized by Autor (2001) , broadband Internet access transforms how firms produce and how workers search for jobs, raising issues about its effects on employment. Indeed, broadband adoption by firms could raise labor productivity, and therefore wage, inducing a process innovation and destroying jobs. However, higher wage means higher income and more demand, inducing product innovation and creating jobs. Likewise, broadband access could create jobs due to better matching online, but also destroy jobs due to skill biases.
Empirical studies such as Kolko (2012) , Czernich (2014) or Ivus & Boland (2015) find no impact on employment overall, but positive for the service sector and negative for the manufacturing sector. However, none of these studies assesses the impact in France where significant investments have been made in broadband deployment and where unemployment rate remains high, compared to other OECD countries.
In this paper, we evaluate the impact of broadband Internet on employment in France, using municipality-level data from 2009 to 2013, a period that sees 5 million additional residential subscribers and 150 thousand business subscribers. We argue that, at a municipality level, these new subscriptions reflect exogenous variations stemming from the geographical latitude and signal attenuation. Therefore, we attempt to overcome potential biases in OLS estimates by using a fuzzy difference-in-difference estimation strategy, following Duflo (2001) and Chaisemartin & D'Haultefoeuile (2017) .
We find that broadband Internet reduces employment, although the unemployment rate seems not to be affected due to higher workers activity. This negative effect stems from manufacturing activities, whereas broadband adoption creates job in the service sector. In addition, we also find that raising the level of education in urban municipalities in rural municipalities contributes to improving the impact of broadband Internet on employment.
The findings of this paper are related to the literature on the labor market effects of broadband Internet. Kolko (2012) , Czernich (2014) and Ivus & Boland (2015) investigates the impact of broadband Internet on employment respectively in the US, Germany and Canada, but they did not highlight the negative impact on the number of employed workers. We provide additional evidence for France and use broadband quality and demand-side variable such as adoption. In addition, we highlight the complementary role of education in improving the impact of broadband Internet on employment.
The remainder of the paper is organized as follows. Section 2 summarizes the relevant literature and section 3 presents some background information about broadband adoption and employment in France. Section 4 presents the dataset along with some descriptive statistics.
Section 5 presents the econometric model and the estimation strategy. Section 6 reports the findings and section 7 concludes.
Related literature
The impact of broadband Internet on employment is related to the burgeoning literature on the effects of digitization. Theoretical analyses such as Acemoglu & Restrepo (2018) and Autor (2001) suggest a rather ambiguous impact of broadband Internet on employment. Broadband Internet can raise employment by improving job matching (Autor, 2001) or by increasing the demand for products due to productivity gains. However, it can also lower employment due to skill bias and improvement in labor productivity.
As reviewed by Bertschek et al. (2016) , the empirical investigation typically shows that broadband Internet has no impact on aggregate employment, but displaces jobs from manufacture into services. In Germany, Czernich (2014) uses municipality-level data from 2002 to 2006 and finds no significant impact of broadband Internet deployment on unemployment rate. Because unemployment rate might be affected by the size of the labor force, other studies have focused on employment, measured by the number of workers or the share of the working-age adults that is employed. Kolko (2012) uses county-level data from the US and finds no impact of broadband deployment on the employment rate. Likewise, Fabling & Grimes (2016) find no effect of broadband adoption on employment in New Zealand. More specifically, Ivus & Boland (2015) use community-level data from Canada (1997 Canada ( -2011 and highlight a positive impact of broadband Internet on rural employment and wage growth, but only in services.
Two main mechanisms can be related to these results. Indeed, broadband Internet could improve job matching through online job search and posting. Khun & Skuterud (2002) use data from the US and find no correlation between Internet job search affects the duration of unemployment, lending support to no significant impact of broadband Internet on the unemployment rate. A second mechanism that rationalizes why broadband Internet adoption reallocates jobs from manufactures to services is its impact on labor productivity and skill complementarity. Grimes et al. (2012) use data from New Zealand and find positive impact of broadband adoption on labor productivity, contrary to Bertschek et al. (2013) who find no significant impact using data from Germany. However, Bertschek et al. (2016) point out a positive impact of mobile Internet access on labor productivity.
Regarding the skill complementarity of broadband Internet, Atasoy (2013) show that broadband expansion in the US increases employment mostly for college-educated workers. Akerman et al. (2015) use detailed firm-level data from Norway (2000 Norway ( -2008 and find that the impact of broadband adoption on employment and wage is positive for skilled workers but negative for unskilled workers, lending support to a skill complementarity of broadband Internet.
Broadband Internet and employment in France
Very fast broadband Internet deployment in France is part of a 20 billion euros project launched in 2013 aiming at full coverage of the whole territory by 2022. The government is committed to devote 3.3 billion euros public fund to this project. for job search, 51% for administrative procedures and 51% for online shopping. More specifically, the broadband data include the number of residential and business subscriptions, the median download speed and the average signal attenuation. We calculate broadband penetration as the ratio of the number of residential subscriptions to the number of households. The median download speed is used as a measure of broadband quality. It is a theoretical maximal download speed established by the network operator, given the characteristics of the municipality. Signal attenuation, the ratio between the signal sent from the local exchange and the signal received by the user, expressed in decibels (dB), measures the signal power loss as a function of the distance between the emitter and the receiver. The greater the distance, the higher the attenuation value and the weaker the ADSL signal.This variable will be useful for our estimation strategy.
Regarding the employment data, it provides information on the unemployment rate as well as the number of workers employed per municipality. 5 The employment statistics have been estimated from a declarative survey conducted by INSEE. 6 Note that the number of workers employed is different from the number of workers residing within the municipality. The employment data is split into 38 economic activities from the manufacturing and services sectors, excluding agriculture. These activities are presented in Tables A-2 We complement these data with socio-economic statistics provided by INSEE. They include the gross domestic product (GDP) per capita at the regional level, the average years of schooling at the department level and the share of high-school graduates at the municipality level and the share of population above 65 years old and the population density. GDP per capita serves as a proxy for production. The average years of schooling and the share of high-school graduates are proxies for the level of education. The share of population above 65 years old captures the size of the working-age population, as well as the demand for services.
Finally, we also add the number of mobile Internet antennas in order to investigate whether its impact is similar than fixed broadband Internet. Table 1 presents the summary statistics of the main variables. The penetration rate is greater than 100% in some municipalities due to multiple subscriptions in some households. However, the average broadband penetration stands at 53% for residential users and average number of business broadband lines is 14. The median download speed ranges from 0.3 to 20 Mbps, with an average of 6.7 Mbps. The unemployment rate goes as high as 66.7% in some municipalities, with an average at 9.4%. The number of employed workers can be nil in some municipalities, but the unemployment is neither 100% because, these municipalities have no firms, although their residents work in other municipalities. The share of active workers ranges from 25% to 100% with an average of 74%. Signal attenuation has an average of 40 decibels, with large variance. Regional GDP per capita is between 22 and 53 thousands euros, and the average year of schooling is between 9 and 13 years. 
Descriptive statistics
We start by investigating the correlation between municipality-specific trends in broadband adoption and employment. We first retrieve common trend using an OLS regression of broad- The flat relationship between broadband adoption and employment could be driven by covariates such as production, education and demographic structure. Production and education are expected to be positively correlated with employment and broadband adoption and, as a result, introduce an upward bias in the correlation between broadband adoption and employment. The effect of demographic structure is rather ambiguous. We shall account for these potential bias by including the proxies for production, education and demographic structure as controls in the regression of employment on broadband adoption. Moreover, the outcomes of Figures 2 and 3 could also be affected by a reverse causality whereby employment affects the adoption of broadband Internet. Therefore, a causal identification strategy is needed to estimate the impact of broadband adoption on employment. 
Econometric Estimation
This section presents the econometric model and the estimation strategy.
Econometric model
In order to estimate the impact of broadband Internet on employment, we specify the following linear reduced-form model:
Where Y it is a measure of employment, the rate of unemployment or the number of workers employed within municipality i during year t.
B it is a measure of broadband Internet. We use three measures of broadband Internet, namely household broadband penetration, broadband quality and the number of broadband lines serving businesses, excluding leased lines.
X it is a vector of controls. As discussed in section 4.2, we include production, education and demographic structure as control variables. Production is measured by the GDP per capita of the region a municipality belongs to. Education is measured by the average years of schooling at the department level or the share of high-school graduates at the municipality level. We use the share of population above 65 years old and population density as demographic variables.
µ i and ν t are respectively municipality and year fixed effects. Municipality fixed effects capture any invariant determinants of employment and broadband adoption, while the year fixed effects capture common trend in the labor markets driven by nation-wide economics shocks and public policies. it is a vector of unobservable shocks.
The coefficient β corresponds to the impact of broadband Internet on employment. In spite of the inclusion of the controls and the fixed effects, Ordinary Least Squares (OLS) estimates of equation (1) is likely to be biased due to unobserved confounding variables and reverse causality. The following section lays out the estimation strategy we employ in order to obtain a causal impact of broadband Internet on employment.
Estimation strategy
We overcome a potential bias in OLS estimates by employing a fuzzy difference-in-difference estimator like in Duflo (2001) and later formalized by Chaisemartin & D'Haultefoeuile (2017) .
In its basic form, it can be viewed as a standard difference-in-difference estimator but with a control group that also experience a treatment, though with smaller intensity.
Let's consider two groups i and j, and two times t and t . Both groups are treated, but i experiences a greater treatment intensity than j, that is B it − B it > B jt − B jt . The fuzzy difference-in-difference (FDiD) estimator of the impact of the treatment B on the outcome Y can be expressed as:β
The numerator and denominator correspond to the standard difference-in-difference estimator of the outcome and treatment variables, respectively. This ratio is similar to the Wald estimator obtained from a two-stage least square estimation, with an appropriate instrument. In this case, the instrument is the interaction of time with a dummy variable that characterizes exposure to the treatment. By analogy, in presence of several groups and times, the FDiD estimator can be obtained from a two-stage least squares estimation, using the interaction between year and a treatment variable as an instrument. In our case, the groups correspond However, the unemployment rate seems be increasing at the same pace in all municipalities, suggesting that increasing broadband penetration has no impact on the unemployment rate.
However, an econometric estimation is needed to assess the significance of this effect. The estimation results are presented in the next section. We first net out the effects of the controls (education, income and density) by regressing unemployment rate and broadband penetration on these variables and taking the residuals. Table 2 reports the FDiD estimates of the impact of broadband Internet adoption on employment. Three main findings stand out from this table.
Results

Main results
First, broadband adoption and quality have no impact on the unemployment rate. The
Wald-DiD estimates are positive but not statistically significant. The estimate of the impact of broadband adoption on the unemployment rate, presented in column 1, is twice smaller than its standard error. Likewise, the coefficient of the median download speed is smaller than its standard error. Interestingly, the coefficients of the controls have the expected signs.
The coefficients of the year fixed effects show that unemployment rate has been rising in all municipalities. However, it rises less in those municipalities located in regions that experience a rise in production or education, and more in municipalities with increasing share of retirees.
Population density has no effect on the unemployment rate.
Second, the number of employed workers falls with the adoption of broadband Internet by businesses. More specifically, as shown in the third column of Table 2 , each additional pair of business broadband lines replaces one worker. This negative impact comes on top of the general downward trend in employment in France, as suggested by the negative and increasing coefficients of the year fixed effects. However, the significance of this effect is at odds with the absence of impact on the unemployment rate. Estimates from the fourth column of Table 2 provide the rationale for this paradox. They show that broadband Internet actually increases the size of the labor market as more working-age individuals become active. A percentage point increase in the penetration rate is predicted to raise the share of active workers by 0.2 percentage point. Given that the unemployment rate is the ratio of the number of unemployed workers to the number of active workers, a rise in both parameters tends to yield a constant ratio. Intuitively, broadband Internet access is likely to raise the share of active workers as it provides an additional and less costly channel through which unless inactive workers could now search for jobs.
Third, the negative impact of broadband Internet stems from job destruction in the manufacturing sector, unlike the service sector where employment rises with broadband adoption. 7
We first estimate the impact on employment in each of our 38 economic activities and then classify them into three groups according the sign and significance of the impact. The first group includes service-related activities such as computer and information services and administrative and support service activities. The second group encompasses manufacture-related 7 Except in JB OZ for the manufacturing and DZ EZ for services.
activities such as textile, electrical equipment and construction. The third group includes all activities that are not affected by broadband Internet. Tables A-2 and A-1 in the Appendix present the FDiD estimate of the impact of fixed and mobile broadband on employment in each activity. We find that the coefficient of fixed broadband and mobile broadband have the same sign.
The last three columns of Table 2 report the estimates at the group level. The coefficient of broadband Internet is positive and highly significant for services-related activities, but negative and significant for manufacture-related ones. More specifically, an additional business broadband line is predicted to create 3.6 service-related jobs, while destroying 3,7 manufacture-related jobs. These effects could typically be explained by manufacturing firms going through digital transformation and outsourcing service-related activities. In the following section, we investigate how public policies could mitigate the negative impact of broadband
Internet on employment.
Heterogeneous effects
Skills could affect the impact of fixed broadband Internet on employment. We test this hypothesis by interacting fixed broadband penetration with education, measured by the share of high-school graduates. Table 3 reports the outcome of the FDiD estimation.
Overall, education tend to attenuate the negative impact of broadband Internet on employment. More specifically, absent education fixed broadband Internet penetration raises unemployment rate and consistently lowers aggregate employment. However, increasing the share of high-school graduate in urban areas significantly reduces the magnitude of these negative effects.
These heterogeneous effects also hold across sectors. As shown in the second panel of Table 3 , while broadband Internet still creates service-related jobs and destroys manufacture-related ones, higher share of high-school graduates in urban areas tend to amplify the former effect and weaken the later. 
Conclusion
Our analysis shows that the diffusion of broadband Internet eliminates jobs, although the unemployment rate remains flat. This job destruction stems from manufacturing activities, whereas new jobs are created in service-related activities.
These findings accord well with the literature. However, they stress the negative impact of broadband Internet on employment, even though the unemployment rate seems not to be affected due to a rise in activity. Our findings suggest that the job search and income effects of broadband Internet are not strong enough to outweigh its productivity effects.
We find some room for public policies to mitigate these adverse effects of broadband Internet.
Our heterogeneity analysis suggests that raising the level of education in urban municipalities tends to alleviate the negative impact of broadband Internet on employment, irrespective of the industry. Therefore, policy makers could complement their broadband Internet plans with education policy
Our findings could however be altered if we considered the long run effects of broadband Internet. The negative effects stemming from productivity improvement are effective in the short run, whereas the positive effects are more likely to emerge in the long run. Given that we focus on a five-year timer span, we could not be able to estimates the long run effects.
Moreover, our assessment is not firm specific, but rather average the effects over all firms within a municipality. However, there could be firm-specific effects within the same sector.
Future works should rely on longer panels and firm or worker level data in order to address these issues. 
